We use exceptional field theory to establish a duality between certain consistent 7-dimensional truncations with maximal SUSY from IIA to IIB. We use this technique to obtain new consistent truncations of IIB on S 3 and H p,q and work out the explicit reduction formulas in the internal sector. We also present uplifts for other gaugings of 7-d maximal SUGRA, including theories with a trombone gauging. Some of the latter can only be obtained by a non-geometric compactification.
Introduction
The consistent Kaluza-Klein truncation of higher-dimensional (super)gravity to lower-dimensional theories is an old and generically difficult problem due to the highly non-linear gravitational field equations [1] . Typically, consistent truncations require very particular backgrounds together with very particular matter couplings of the higher-dimensional theory, see e.g. [2] [3] [4] . Recent progress has come from the realisation of non-toroidal geometric compactifications via generalised Scherk-Schwarz-type compactifications on an extended spacetime within duality covariant formulations of the higher-dimensional supergravity theories [5] [6] [7] [8] [9] [10] [11] [12] . In this language, finding consistent Kaluza-Klein reduction Ansätze translates into the search for Scherk-Schwarz twist matrices satisfying a number of differential consistency equations in the physical coordinates.
Most recently, this has been used to work out the full Kaluza-Klein reduction for the AdS 5 × S 5 reduction of IIB supergravity in the framework of exceptional field theory [13] .
In this paper we use this framework to study consistent truncations from IIA and IIB supergravity down to seven dimensional gauged supergravities. Specifically, we establish a duality relating consistent IIA and IIB truncations for certain gaugings of maximal 7-dimensional supergravity. We then employ this duality to derive new consistent truncations of type IIB theory on the three sphere S 3 , as well as on hyperboloids H p,q , which lead to compact SO(4), noncompact SO(p, q) and non-semisimple CSO(p, q, r) gaugings, respectively. Finally, we discuss new uplifts to type IIA / IIB of gauged supergravities involving gauging of the trombone scaling symmetry. In this final set of gaugings, we find that some can only be obtained by non-geometric compactifications 1 , in a set-up reminiscent of that recently discussed in [14] .
Let us get more specific about the 7-dimensional theories discussed in this paper. In general, the fluxes in half-maximal supergravity are parametrized by an antisymmetric tensor X ABC of the T-duality group SO(d, d) [15] , which encodes the T-duality chain of [16] X ABC : H abc −→ f ab c −→ Q a bc −→ R abc , (1.1)
as well as two SO(d, d) vectors X A and f A , [17] , the latter of which encodes the trombone gaugings. Because the trombone symmetry is an on-shell symmetry, theories with non-zero f A can only be defined at the level of the equations of motion [18] . For simplicity's sake we will take X A = f A = 0 for the following discussion although we will reintroduce them later on.
Depending on the choice of M αβ ,M αβ , there are various one-parameter families of sevendimensional gaugings most of which are of locally non-geometric origin [19] . A distinguished role is played by the theories satisfying the condition
First, these can be consistently embedded into the maximal theory and second the subset where either M αβ orM αβ is non-degenerate allow for a geometric uplift to the type-I theory in ten dimensions as compactifications on the sphere S 3 and hyperboloids H p,q . For the sphere case, the reduction formulas have been worked out in [4] and later explained in the context of generalized geometry/double field theory [19, 9, 20] . The duality
is a symmetry of the quadratic constraints ensuring consistency of the gauging, as a manifestation of a particular triple T-duality [19, 21] , generated by an element of O(3, 3) rather than SO (3, 3) .
In this paper, we will study the embedding of these structures in the maximal theory with U-duality group SL(5). The above representations are embedded into U-duality representations according to
Now the duality (1.5) is no longer a symmetry of one and the same theory. Instead, the different embeddings (1.6) into the representations of the U-duality group induce inequivalent maximal seven-dimensional theories with gauge groups CSO(p, q, 1) for the IIA background and SO(p, q)
for the IIB background, respectively [22] . These theories only coincide after truncation to the half-maximal sector. The IIA uplift has been given in [11] via a generalized Scherk-Schwarz
Ansatz in an exceptional space in the framework of exceptional field theory [23] . Here we realise the duality (1.5) as an outer automorphism of SL(4) acting on the Scherk-Schwarz twist matrices, and thereby derive the full IIB reduction Ansatz. In particular, the duality exchanges the IIA and their dual IIB coordinates within the 10 coordinates of the exceptional space [24, 25] 10 −→ 3 IIA + 3
We will also show how the triple T-duality acting on the 6's [19] 
is realised in the maximal theory. The paper is organized as follows. In section 2 we briefly review the pertinent structures of the relevant exceptional field theory and its generalized Scherk-Schwarz reduction ansatz. In section 3 we realize the duality (1.5) on the Scherk-Schwarz twist matrix, relating consistent IIA / IIB truncations. As an application we work out the full truncation Ansätze for the internal sectors of the IIA and IIB reductions. In particular, this establishes the consistency of the S 3 reduction of the IIB theory. Finally, in section 5 we extend the analysis to the construction of more general twist matrices and obtain new uplifts of various maximal supergravities including those in which the trombone scaling symmetry is gauged.
EFT and 7-dimensional maximal gauged SUGRA
Our key tool for the study of consistent truncations is the 'exceptional field theory' (EFT) [23, [26] [27] [28] with its associated extended geometry, see [24, 29, 30] . This is the duality covariant formulation of higher-dimensional supergravity which renders manifest the exceptional symmetry groups that are known to appear under dimensional reduction [31] . The formulation of interest for studying reductions to maximal seven-dimensional supergravity, is the SL(5) exceptional field theory. Apart from metric and scalars, it carries 10 vectors A µ ab , as well as 5 two-forms B µν a and 5 three-forms C µνρ a , all fields depending on 7 external and 10 internal coordinates {x µ , Y ab }, µ = 0, . . . , 6; a = 1, . . . , 5 with all fields subject to the section constraint [32] 
Three-forms enter the Lagrangian only under internal derivatives as ∂ ab C µνρ b . While the full SL(5) exceptional field theory has not yet been worked out (see [33] [34] [35] for EFTs in higher dimensions), its scalar sector has been given and studied in [24, 36, 37] . 
on weight zero tensors in the fundamental representations of SL(5). The section constraint (2.1) admits two solutions [25] . Breaking the U-duality group SL(5) down to the geometric SL(3), the internal coordinates decompose into
c.f. (1.7), and it is easy to see that the section constraint (2.1) is satisfied by restricting the coordinate dependence of all fields onto
respectively. Depending on the higher-dimensional origin, it is convenient to parametrize the scalar matrix M ab in a IIA or IIB basis according to [25] so that all four-dimensional indices are placed "upside-down". Thus, g mn represents the metric,
represents the SL(2) doublet formed from the Kalb-Ramond and Ramond-Ramond two-forms and H uv is the SL(2) matrix parameterised by the dilaton ϕ and Ramond-Ramond scalar C 0 as follows
Throughout the paper the metric will be given in Einstein frame, unless otherwise specified. The EFT formulation of supergravity is a powerful tool for the study of consistent truncations, since a number of geometrically non-trivial reductions can be reformulated as generalized ScherkSchwarz reductions on the extended space [5, 6, 19, 7, 38, [8] [9] [10] [11] . In the reduction Ansatz, all dependence on the internal coordinates is carried by an SL(5) valued twist matrix U aā (Y ) with the scalar fields reducing according to
and the remaining EFT fields factorizing as [11] 
with a scalar function ρ(Y ) . The 7-dimensional metric of the full 10-dimensional type II theory, g µν , is related to G µν above by 9) where |g| here is the determinant of the metric in the internal directions and G µν (x) is the metric of the 7-dimensional gauged SUGRA. Consistency of the reduction Ansatz translates into the set of differential equations [7] (we use the conventions of [11] ) (5), respectively. These tensors form the torsion of the Weitzenböck connection of EFT [29, 39, 37, 9] and correspond to the embedding tensors of maximal D = 7 supergravity, which describe the allowed gaugings of the seven-dimensional theory [22] . The quadratic constraints which these tensors need to satisfy for consistency are a direct consequence of their definition by (2.10) together with the section constraint (2.1) and ensure that the gauge group closes. For later convenience, we spell out these equations
In particular, these identities imply that
where
is the "intertwining tensor" coupling two-forms to the vector field strengths [40] whose rank encodes the number of massive two-forms in the theory. The Xāb are the gauge generators evaluated in the vector representation, which take the form 14) in terms of the embedding tensors (2.10). With τāb = 0, the corresponding theories are the conventional gaugings of D = 7 supergravity constructed in [22] . In particular, the gaugings triggered by Sāb correspond to CSO(p, q, 5 − p − q) gauge groups. The corresponding twist matrices for their D = 11 embedding have been provided in [11] . The gaugings triggered by Zāb ,c contain theories with gauge groups CSO(p, q, 4 − p − q) × (U (1)) 4−p−q and IIB origin. We will construct the corresponding twist matrices in this paper. A non-vanishing τāb corresponds to a gauging of the trombone scaling symmetry of the D = 7 theory, resulting in a theory that can be defined on the level of the equations of motion but does not admit an action [18] while still allowing for an uplift to the IIA/IIB equations of motion.
Dualising IIA / IIB truncations
In the above we have reviewed how consistent truncations of the IIA/IIB theory are encoded in Scherk-Schwarz twist matrices on the extended space (1.7) satisfying the consistency conditions (2.10) and the section constraint (2.1). In this section, we will first realize the duality (1.5)
on the twist matrices and the coordinates of extended space in order to map consistent IIA truncations into consistent IIB truncations. In particular, this will provide the full non-linear reduction Ansätze for the reduction of the IIB theory on S 3 and the hyperboloids H p,q .
At the level of the effective seven-dimensional theories this duality is realized on the embedding tensors that define the maximal gaugings. Decomposing the embedding tensors under the T-duality group as SL(5) −→ SL(4) ∼ Spin(3, 3) we find
We will now discuss the O(3, 3) transformation (1.5) that exchanges the 10 ←→ 10 ′ and maps the two 6's into themselves. We will show that it corresponds to a duality between IIA and IIB truncations. This transformation extends SL(4) ∼ Spin(3, 3) to P in(3, 3), acting on SL(4) as the outer automorphism.
Duality as an outer automorphism
In order to consider type II truncations, we first perform a dimensional reduction of the exceptional space (1.7). In terms of SL(4) irreducible representations, the coordinates decompose as
3). We assume no dependence on the Y α5 , i.e.
reduce the exceptional space to the doubled space of DFT [41, [43] [44] [45] , see [46] . Depending on the choice of the physical coordinates among the remaining Y αβ , the theory is of IIA or IIB origin according to (2.4) . Let us also introduce the notation
where ǫ αβγδ is the 4-dimensional totally-antisymmetric symbol. The flip between IIA and IIB coordinates in (1.7) is then realized as
We start from the following GL(4) Ansatz for the SL(5) Scherk-Schwarz twist matrix
with V αᾱ ∈ SL(4). It follows from (2.10) that this Ansatz can only produce gaugings in the 10's and 6's according to the decomposition of (3.1). The corresponding embedding tensors are given in terms of the twist by
where we use
The explicit form of these equations shows that combining the flip (3.3) with the Z 2 outer automorphism of SL(4) 6) induces the duality (1.5) on the embedding tensor. Concretely this takes
where τᾱβ = 1 2 ǫᾱβγδτγδ and ξᾱβ = 1 2 ǫᾱβγδξγδ. Additionally, the dualisation of the coordinates (3.3) exchanges IIA and IIB sections so that this duality relates IIA and IIB truncations. The NS-NS sector remains invariant under the duality since in the half-maximal theory both 10 and 10 ′ lie in the same O(3, 3) orbit [19] . Within the maximal theory the duality (1.5) relates consistent truncations of the maximal theories, which in general have different gauge groups, vacua, and fluctuations. The gaugings above are the only ones that survive the Z 2 projection to the half-maximal theory [19] . In section 4, we will also discuss gaugings which do not survive the Z 2 projection (these are the 20 ′ , 4's and 1) and we will show that the duality above does not, in general, hold for these cases.
3. Before discussing the duality further, let us apply it to work out the consistent truncation of IIB SUGRA on S 3 and on warped H p,q manifolds. According to the above discussion, these are dual to the consistent truncations of IIA on these manifolds and yield a gauging in the 10 ′ ⊂ 40 ′ with gauge group CSO(p, q, r) × U (1) r where p + q + r = 4.
Let us begin by reading off ω and V αᾱ from the IIA twist matrices for CSO(p, q, r) gaugings given in [11] . Here and throughout this paper we will order the rows and columns of V αᾱ as (i, 4, x) with i, j, = 1, . . . , 4 − r and x, y = 5 − r, . . . , 3. The twist is The function K(u, v) appearing in the twist satisfies the differential equation
with u = δ ij y i y j . This can be solved analytically for all allowed values p, q. The internal space corresponding to these truncations are warped hyperboloids H p,q together with r flat directions [11] . We now apply the duality (3.3), (3.6) , to obtain the IIB truncations on H p,q which give rise to the CSO(p, q, r) gaugings in the 10
c.f. (3.7). The IIB twist matrices are thus 12) with ρ = ω and where nowỹ i are IIB coordinates (2.4),ũ = δ ijỹ iỹj andṽ = η ijỹ iỹj . Using (2.7) and the parameterisation (2.5) we can read off the internal space of the compactification. At the origin of the scalar coset, Māb(x) = δāb, we find the background, given by:
Here we let m, n = 1, 2, 3 and we denote byB mn the Kalb-Ramond form and byφ the dilaton.
We recall that following the conventions of [25] and matching the indices of the IIB coordinates (2.4), the four-dimensional IIB indices are "upside-down" compared to the usual placement.
The internal space here is the a warped product H p,q × R r , where H p,q is the surface satisfying η ijỹ iỹj +z 2 = 1 in R 4−r , with z an additional coordinate. This coincides with the IIA background for this truncation, see [11] . The Kalb-Ramond background field strength is given bẙ 14) upon using (3.10).
Using (2.7), we can furthermore determine the full truncation Ansatz for the internal fields as fluctuations about the background (3.13). To simplify the notation, we will for this discussion not distinguish between barred and un-barred indices and we will simply refer to the IIB coordinates as y i , i.e. drop the tilde. Let us start by considering the case where p + q = 4. The truncation Ansatz can be elegantly formulated in terms of the harmonics
the auxiliary metricg
with volume formω 17) and the auxiliary two form 18) see section 3 of [13] on details of the construction. We note that only for the sphere case, when η ij = δ ij , these auxiliary structures coincide with the background (3.13). Furthermore, it will be useful to decompose the scalar fields M ab (x) as 19) with SL(4) matrix m αβ . The truncation formulae for the internal components of all IIB fields are then read off from (2.5), (2.7) and yield 20) in terms of the objects (3.15)- (3.19) and with the function ∆ given by
It is straightforward to verify that at the scalar origin M ab (x) = δ ab , these formulae reduce to the background (3.13).
Let us now compare this result to the IIA truncation formulae on the dual background.
Define, now in terms of the IIA coordinates, the harmonics
the auxiliary metric (as before but now with the reverse position of indices)
with volume formω 24) and the auxiliary two-form
With the same scalar matrix (3.19), the truncation formulae for the internal components of all IIA fields are again read off from (2.5), (2.7) and yield 26) in terms of the above objects and with
We can now see that the full reduction formulae of the IIA and IIB truncations coincide for the NS-NS sector and are related by the same SL(4) outer automorphism we have used for the twists, extended to the scalar fields (3.19)
Finally, let us also give the reduction formulae when 2 ≤ p + q ≤ 4. To keep the notation more compact it will now be useful to use the dualised form potentials. For IIB these are
while for IIA they are
Let us once again start with the IIB reduction. Recall that our convention is that m = (i, x) where η xy = 0 and η ij = 0. Let
andg ij ,g ij as before. Then we obtain the IIB truncation formulae
The corresponding IIA formulae can be given in terms of
and read In order to use symmetry properties of the embedding tensor, we work in the 10-dimensional representation with
where τāb ,cd represents the embedding tensor as given in (2.14). The consistency equations (2.10) in this representation can conveniently be computed in terms of 
Then the consistency condition (3.37) takes the form Thus, a necessary requirement for gaugings to be lifted to IIA is that
For completeness let us also consider the analogous consistency equations for the IIB theory. In terms of
where u = 4, 5 labels the SL(2) symmetry of IIB, equation (3.37) becomes
Here Lāb denotes the standard IIB Lie derivative, i.e. with upside-down indices (see for example [25] ), with the diffeomorphism parameter K i,āb . We see that the right-hand side of the first equation is antisymmetric under the exchange of the pair of indices āb ↔ cd . Thus, we find that for a gauging to be of IIB origin, we must have
Let us now return to the question of whether the 10 ′ ⊂ 40 ′ can come from IIA. To differentiate between the IIA and IIB theories we require dependence on all three internal coordinates and so we consider the case where the gaugings of the 10 ′ are not degenerate. Using (3.40) it is easy to show that whenMᾱβ = ηᾱβ is not degenerate, (3.41) can only be satisfied by a vanishing twist matrix. Thus these gaugings cannot be obtained from a IIA truncation. In particular, this applies to the SO(4) theory. By the duality established above, in turn a non-degenerate Mᾱβ = ηᾱβ cannot be obtained from a IIB truncation. This is interesting in the light of the half-maximal theory, where there is a family of SO(4) gaugings involving non-degenerate gaugings in both Mᾱβ andMᾱβ, i.e. in the 10 and 10 ′ [19] . The result here suggests that such gaugings can only be obtained by violating the section condition, as the corresponding twist matrix would be required to depend both on IIA coordinates and their dual IIB ones. Indeed, this has been shown for the half-maximal theory in [19, 47] .
Dualising the 4's
Recall from (3.1) that the embedding tensor also contains two 4's and one 4 ′ . Can the duality discussed above be extended to these gaugings? Let us begin by relaxing the Ansatz (3.4) in order to have non-zero 4's. Consider first
The consistency equations are then
where Aᾱ = Vᾱ α A α . We see that the equations for the 10's and 6's are unchanged but additionally the 4 ′ ⊂ 40 ′ can be gauged. If we instead take the Ansatz
we again find the same 10's and 6's as in (3.5) but additionally the following can be gauged:
The SL(4) (co-)vectors A α and B α should be exchanged by the outer automorphism of SL (4) so that
This maps a solution of the equations (4.4) to a solution of (4.2) 
Further examples
We will now use our twist Ansätze (3.4), (4.1) and (4.3) and the duality discussed above to obtain new uplifts of various maximal gauged SUGRAs. This is not an exhaustive list of solutions to the quadratic constraints, but rather a selection of examples for which uplifts to type II SUGRA can be constructed nicely with the twist Ansätze we have considered so far. The gaugings we consider are summarised in table 1. Each value of α in the range −π/2 ≤ α ≤ π, as well as each λ taking the values λ = 1,
and each a ∈ R labels different inequivalent orbits. Note that for orbits 1 and 7 -9 we have indicated that the gaugings in the 4 vanish. This is because any non-zero gaugings in the 4 allowed by the quadratic constraint (2.11) can be removed by an SL(5) transformation and thus lead to equivalent 7-dimensional theories. Orbits 6 -9 involve the trombone gauging (when λ = 0) and thus the 7-dimensional theories they represent do not admit an action principle. We will see in section 5.5 that in some cases their uplifts are non-geometric, where the trombone scaling symmetry is used to patch together the solution.
Orbit

MᾱβMᾱβ Zᾱ5
,5 ξ23 τ14 Table 1 : Orbits of gaugings for which we will construct uplifts. Each α in the range −π/2 ≤ α ≤ π,
, 0, each η, η ′ = ±1 and each a ∈ R labels different inequivalent orbits.
Orbits 1 and 2
In section 3.3 we showed that non-degenerate gaugings in the 10 descend from IIA and those in the 10 ′ descend from IIB. Let us now uplift gaugings which mix the 10 and 10 ′ . The quadratic constraint is nowMᾱβ
The solutions are given by orbits 4 -11 of [19] .
Orbit 1 This orbit can be represented by the gaugings
These correspond to an embedding of orbits 6 and 9 (with α = π/4) of [19] into the maximal theory.
The twist matrices are given by . From (2.5) we find the internal space in string frame to be
Note that when η = 1 the background is the Kaluza-Klein circle encountered in (3.13). However, the internal space will be different at other points in the scalar moduli space. It is of course also possible to generate the gaugings
by applying the duality discussed in section 3.1. As before, the internal space remains the same under the duality.
Orbit 2 These orbits describe an embedding of orbits 11 of [19] into the maximal theory. The gaugings are
where −π/2 ≤ α ≤ π gives the range of inequivalent orbits. The twist matrices are given by
where y 1 = Y 14 and the internal space is given by
with all other fields vanishing. The dual gaugings Mᾱβ ←→Mᾱβ are in this case equivalent to the gaugings discussed.
Orbits 3 and 4
When Mᾱβ and Zᾱ5 ,5 are the only non-zero gaugings, the quadratic constraint is
Thus, Zᾱ5 We could use an SL(5) transformation to set c = 1 but we will not do so here to keep track of c in the internal space. However, the reader should keep in mind that all values of c = 0 correspond to equivalent 7-dimensional theories. From the no-go theorem (3.41) one finds that this gauging cannot be obtained by a IIA truncation. It can, however, be lifted to 10-dimensional IIB SUGRA using the Ansatz (4.1) with the same V αᾱ as in (3.12) with r = 1 and with 11) where y 3 = Y 12 is the third IIB coordinate. Recall that the other two coordinate are given by
The background for this truncation is given bẙ
(5.12)
As before, we use the convention of [25] where IIB indices are placed "upside-down" andC ij labels the Ramond-Ramond two-form. The metric here is the T-dual of the H p,q solutions in We again use the Ansatz (4.1) with V αᾱ as in (3.12) with r = 2 and solve the gauging of the Zᾱ5 ,5 by and so gives an uplift to IIA supergravity. From (2.5) the internal space is found to be
This is the same circle / hyperbola reduction as in (3.13) but with an additional Ramond-Ramond one-formC 1 turned on. Similar to orbit 3, only the Ramond-Ramond one-form depends on c and d.
To conclude the discussion of these orbits, let us consider the dual gaugings. The duality would give gaugings of the 4 ⊂ 15, 4 ⊂ 10 with 16) as well as possibly the 20 ′ . However, these gaugings violate the quadratic constraint (2.11) and hence they do not define a consistent gauged SUGRA.
Orbit 5
For We can use an SL(5) transformation to make two of these vanish and scale the third. Let us thus take d = e = 0 but keep c = 1 in general so that we can see where it ends up in the internal space. The twist matrix is then given by Ansatz (4.1) with V αᾱ as in (5.7) and
The internal space is then given bẙ As for orbits 3 and 4 we find that the parameter c only appears in the Ramond-Ramond 1-form. The dual gaugings would again not satisfy the quadratic constraint (2.11).
Orbit 6
To keep our formulae simple we will actually uplift the gaugings 20) with inequivalent gaugings for λ = 1, 1 2 , 0. We can obtain these gaugings easily using the blockdiagonal Ansatz for the twist matrix (3.4) and by choosing the scalars ρ and ω appropriately.
The twist matrix is given by V αᾱ = δ αᾱ with scalars ω = (1 − y 1 ) 6λ/5 and ρ = (1 − a · y) 6λ/5−1 .
The internal space in string frame is
We can see that the string-frame metric is independent of λ and the dilaton tunes between the different gaugings. In particular, when λ = 1 we have a standard 7-dimensional gauged SUGRA, whereas for the cases λ = 0 and λ = 1/2 the 7-dimensional theory does not have an action principle, even though it can still be uplifted to 10-dimensional SUGRA. For each λ the outer automorphism discussed in section 3.1 relates equivalent gaugings.
Orbits 7 -9
The gaugings we consider here involve some of the gaugings encountered previously in this paper together with both 6's. These can be uplifted by using almost the same twist matrices as without the 6's. In particular we will keep V αᾱ unchanged but change ρ = ω. Let us write ρ = ω = ω 0 h, where ω 0 is the value of ω where the 6's vanish. The function h then has to satisfy 2τᾱβ = −2ξᾱβ = 5Vᾱβ αβ ∂ αβ ln h . For a = 0 these are S 1 and H 1 reductions. Now, we find
The internal space in string-frame is given bẙ
We see that when η = 1, the internal space is non-geometric because the dilaton is not globally well-defined. Instead, it is patched by the trombone scaling symmetry of the equations of motion. This is a reminiscent of the non-geometric construction in [14] albeit in seven dimensions.
Orbit 8 For the gaugings
with V αᾱ and ω as in (5.3), the consistency condition on h, (5.22), has the same solution h as in (5.24) . We find the internal space in string-frame
(5.27)
Orbit 9 For the gaugings
with V αᾱ and ω 0 as in (5.7) we find
The internal space in string-frame is 
Conclusions
In this paper we studied consistent truncations of type IIA and IIB SUGRA to 7-dimensional maximal gauged SUGRA using exceptional field theory. By using a GL(4) Ansatz for the twist matrices, we showed that IIA / IIB consistent truncations are related by the outer automorphism of SL (4) Here 6 40 and 6 10 denote the 6's coming from the 40 ′ of SL (5) and from the trombone gauging, respectively. We also showed that this duality between IIA and IIB consistent truncations always exists when the embedding tensor has vanishing components in the 4 ′ of SL(4). Otherwise, the dual gaugings will in general not satisfy the quadratic constraints (2.11).
We used this duality to prove the consistent truncation of IIB on S 3 and H p,q by constructing twist matrices that give rise to the relevant CSO(p, q, r) gaugings with embedding tensor in the 40 ′ . The twist matrices are dual to those describing the IIA uplift of gaugings in the 15 [11] .
Using the dictionary between EFT and IIA / IIB fields, we used the twist matrices to derive the full truncation Ansätze for the internal sectors of the IIA and IIB reductions. They were shown to coincide in the NS-NS sector. This is a general feature of the duality: it relates truncations with the same NS-NS sector. Finally, from the form of the consistency equations we derived some no-go theorems showing that non-degenerate gaugings with IIA origin cannot also be uplifted to IIB and vice versa.
In the second part of this paper we further generalised the twist matrices of [11] to uplift other gaugings of 7-dimensional maximal gauged SUGRA to type II SUGRA. These examples include gaugings of the 15 and 40 ′ simultaneously, and of the trombone, where the gauged SUGRA does not admit a Lagrangian. In the latter case, the internal space of the truncation is only well-defined up to the R + scaling symmetry of the equations of motion. Among the direct applications of these uplift formulas is the higher-dimensional embedding of the vacua found in the lower-dimensional theories, such as [48] .
The twist matrices used throughout this paper are defined in local patches. For the truncation to be consistent, these twist matrices must yield a generalised parallelisation [9] . To show this we would have to patch our twist matrices to obtain globally well-defined vector fields. A patching prescription for exceptional field theory is still lacking, although it is known for double field theory [49] [50] [51] [52] . Whatever this covariant patching prescription will be, it should consist of the global SL(5) × R + symmetries of the 7-dimensional SUGRA. We can thus argue that our twist matrices are well-defined by checking that the internal space they define is well-defined up to SL(5) × R + dualities. This is indeed the case for all the examples given here. IIB [53] . Indeed, the full EFT has been constructed for this case [54] so that the full reduction Ansätze of the S 7 truncations could then also be derived. It would also be interesting to cast into this framework consistent truncations of the massive IIA theory such as [55] which would require a (modest) dependence of the twist matrices on one of the non-physical coordinates, c.f. [56] .
Finally, it would be interesting to try and find a systematic procedure for the construction of the twist matrices for all possible allowed gaugings of the quadratic constraint (2.11). An interesting proposal for the case of half-maximal gauged SUGRA appeared in [20] . However, the resulting twist matrices are not O(d, d)-valued so that it is not immediately clear how to find the associated reduction Ansätze.
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